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XXXV.  On Effects of Retentiveness in the Magnetization of 
Iron and Steel. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 
I BEG leave to forward to you for insertion in your valu- 

able Journal the following note. 
In the Froceedings of the Royal Society, vol. xxxiv, no. 220, 

~ 39, there may be found a preliminary notice by Mr. J.  A. 
wing, communicated by Sir W. Thomson, received May 6, 

1882 entitled, " On Effects of Retentiveness in the Magnetiza- 
tion of Iron and Steel," the first part of which is very closely 
related to a paper published by myself, Dee. 6, 1880, in the 
.Freiburger Beric]de, vol. viii., and "reprinted in Wiedemann's 
Annalen, vol. xiii. pp. 141-164 (1881). In this paper the 
fundamental fact redescribed by Mr. Ewing was described by 
me a year before as follows : - -  

" A  permanent moment mo may have been produced in an 
iron wire by the action of a longitudinal magnetizing force K1. 
~ex t  let the wire be subjected to magnetizing forces which 
first increase continuously from 0 to K l and then decrease con- 
tinuously from K1 to 0 ; then~ for the same magnetizing force 
K,  the magnetic moment of the wire will be found greater 
when K is increasing than when it is decreasing. After some 
repetitions of the operation the wire will be found in a sta- 
tionary state, in which for K-----0 it always has the same 
moment m 0 and for K = K~ the same moment mo+ my If, 
therefore, the wire being in 
this condition, its moment is "~ 
represented graphically as a 
function of the magnetizing ~ ! ~ - 7  
force K,  a closed curve C will ~ > ~  ~ 
be got as represented in the 
figure, in which the ascending ~o 
and the descending branch are 
marked by arrows; except 
the minimum (0) and maxi- 
mum (K1) value of K, two 
values of m corespond to every 
value of K"* .  Ks 4- K 

" Observations included in the above statement are to be tound in a 
:paper by Fromme (Wied.Ann. iv. pp. 102-105, 1878) ; but the statement 
~s not derived from the observations~ and their bearing on other pheno- 
mena is not recognized. 

In a footnote of my paper the following remark may be found :--" With 
this fact certain phenomena concerning the effect of torsion on the meg- 
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In § 1 of my paper it is shown that the integral - - S m d K  
extended over the curve C represents in absolute measure the 
work done on the magnet during a cycle. In § § 2, 6, 7 it is 
explained how the above phenomenon and this theorem are 
connected with the heat produced in a mass of iron by changes 
of magnetization, with the damping action exerted by a plate 
of iron on a magnet swinging over the plate *, and with the 
experiments of Christie ~ and Barlow :~. §§ 3 and 4 contain 
measurements concerning the described phenomenon for wires 
of different dimensions, and discussions of the results obtained. 
Lastly, in § 8 the analogy of the described phenomenon with 
the friction of solids is pointed out. 

Poissonl[ has given another theory of the damping action 
exerted by an iron plate on a magnet swinging over it. In 
Poisson's theory this action is made to depend upon a function 
of time; while in nay theory the damping action depends on a 
merely statical phenomenon. In the experiments which F. 
Himstedt¶ has made to test my theory, the greatest part of 
~he damping effect is shown to depend certainly on the action 
explained in my theory. Indeed, in these experiments, (1) the 
logarithmic decrement of the swinging magnet was found to 
be independent of the vibration-time, if this was altered by 
altering the moment of inertia of the swinging system; 
(2) about 0"84 of the observed damping action was calculated 
from merely static experiments ; and reasons are given in F .  
Himstedt's paper that the remainder did not depend upon the 
Poisson effect. 

In the physical laboratory of the lq'reiburg University an 
experimental inquiry has been executed by L. HSnig, con- 
cerning the connexion of the described phenomenon with the 
heat actually evolved in iron wires by changes of magnetiza- 
tion. The results of this investigation will soon be published 
in Wiedemann's Annalen. 

I remain, Gentlemen, 
Yours respectfully, 

Freiburg i B., February 24, 1883. E. WARBURG. 

netic moment of an iron wire obselwed by Sir V~L Thomson (Phil. Trans. 
clxx. pp. 68-72, 1879) and independently bv myself are connected ; pro- 
bably also observations of E. Cohn (Wied. ~lnn ~. vi. pp. 388-392) on the 
thermoelectric properties of stretched iron wires." 

Results similar to those obtained by me for iron wires have since been 
found (but not yet published) in cobalt and nickel by A. Ehret. 

* Seebeck, Pogg. Ann. vii. p. 903, and xii. p. 352. 
+ Phil. Trans. 1826, part 1, pp. 347-417. 
:~ Ibid. pp. 347-417. The last two points have not been considered by 

Mr. Ewing. 
Ii Mgmoires de PAcadgmie, 1823~ p. 467. 
¶ Wied. Ann. voL xiv. p. 483. 
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